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REMARKS 

Amendments to the Claims: 

Applicants respectfiilly request tiiat the following amendments be entered. 

Claim 1 has been amended to incorporate the limitation of original claim 10 into new claim 1, 
with some modifications. New claim 1 now provides in step (d) that the fuel cell is heated to an 
intermediate temperature between the initial temperature and the desired temperature while the 
fuel cell is operated in an open circuit state. New step (e) of claim 1 provides that the fuel cell is 
then operated at a closed circuit state (an external circuit is connected to the fuel cell) before the 
intermediate temperature equals the desired temperature. Tlius, in the metliod of new clainn 1, the 
fuel eel) is lieated to a (emperaturc below the desired temperature by operating it in a closed state, 
and the remaining heating up to the desired temperature is done while in the closed circuit slate. 
The advantage of this is that the heating of the fuel cell is accelerated when it is switched to a 
closed circuit state (see paragraph 33 of the disclosure). 

Support for this aniendment to new claim 1 may be found in paragraphs 27 and 33 of the 
disclosure. 

New claims 1 0 and 20 have each been amended to specify that the initial temperature is below the 
freezing point of water and the intermediate temperature is above the freezing poijat of water. 
>v„ Support for these amendments may also be found in paragraphs 27 and 33 of the disclosure. 

Claim Rejections -35 USC 102(a): 

hi the Office Action, the Examiner has rejected pending claims 1-20 as being "clearly 
anticipated" by WO 01/52339. Attached lo this response is a machine translation of WO 
01/52339 since the original is in German. Applicants submit that new claim 1 is now not clearly 
anticipated by WO 01/52339. 

WO 01/52339 does not mention in explicit terms that the fuel cell is heated by operating it in an 
open circuit .state. At most, WO 01/52339 only says that temperature monitoring is done "with a 
switched-off fuel cell system'' (page 5, middle paragi-aph of the translation). There is no other 
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mention or suggestion in WO 01/52339 that the fuel cell operates m an open circuit state while it 
is heating np. 

Moreover, WO 01/52339 clearly does not teach or suggest steps (d) and (e) in the method oFnew 
claim 1. If in fact WO 01/52339 does disclose operation of the fuel cell in an open state 
(although this is debatable), it clearly fails to teach heating the fuel cell to an intermediate 
temperaiure below the desired temperature and then operating the fuel cell in a closed circuit state 
until the desired temperature is reached. Tlic advantage to tliis series of steps is that the heating 
of the fuel cell is accelerated (see paragraph 33 of the disclosure). Therefore, steps (d) and (e) in 
new claim 1 now distinguish the invention ciainied fiom the method disclosed in WO 01/52339. 

Claim Rejections - 35 USC T 02(a): 

In the Office Action, the Examiner has also rejected pending claims 1-20 a.s being anticipated by 
Colbow. The Examiner noted that paragraph 53 of Colbow teaches tliat the foel cell can be 
heated while operating in an open circuit state. 

Colbow docs not, however, teach or suggest tlie method of new claim 1. In particular, Colbow 
fails to disclose heating tlie fuel cell to an intermediate temperature below the desired temperature 
and then operating the fuel cell in a closed circuit state until tlie desired temperanire is reached. 
Colbow is therefore similar to WO 01/52339 in this respect, that is, neither of the two references 
suggest these additional steps and the advantage tliat the hcatuig of the Iiicl cell is accelerated. 
Tlierefore, steps (d) and (e) in new claun 1 now also distinguish the invention claimed from the 
method disclosed in Colbow. 

For all these reasons, Applicants respectfully submit that new claim 1 as amended, and dependent 
claims 2-20 distinguish over the teachings of WO 01/52339 and Colbow. 
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A Petition for an Extension of Time requestijng au extension of one month for filing the subject 
response is enclosed. The Coniniissiouer is autliorized to charge any deficiency or credit any 
overpayment io the fee.s for same to our Deposit Account No. 500663. A signed copy of this page 
is enclosed if required for this purpose. 

In view of the foregoing, allowance of the abovc-rcfcrcnccd application is respectfully 
requested. 




Registration No. 37,572 
Telephone: 416-971-7202 
Facsimile: 410-971-6638 

Dated: March 5, 2004. 
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The invention concerns a liicl cell system and a teclinique for driving such a fuel cell 
system witli the features in accordance wi th the general tcrnis of Patent Claim 1 and/or 6. 

For the daily-use service life capability of fuel cell systems, in particular with regard to 
application in vehicles, frost resistance and cold-weather stiirting capability are essential 
criteria for the fuel cell systems because of the amounts of water involved, which is a 
problem. Also, for the so-called direct methanol fuel cell (DMPC) wliich, because of 
direct operation with a liquid l\iel medium, very extensive system simplifications are 
needed, so that so far the cold-weather starting problems are still unresolved. 

A measuring type of llicl cell system is well-known From DE 198 07 876 Al. Here, on 
the anode side a liquid niethanol/watcr mixture flows in the circuit. To monitor the 
perlbrmancc using a constant methanol concentration from a supply vessel, methanol is 
metered while flowing into the anode circuit, The metering amount is tliereby determined 
with the help ofa concentration sensor in the running anode circuit. As coolants, liquids 
or ionic and/or nonionic additives used with water, with good freeze protection 
characteristics, arc suggested. 

In particular for a DMFC, such suitable coolants are not known at present and probably 
will not be available in the foreseeable future. The technological background is as 
follows: 

The DMFC is usually processed at temperatures around approximately 100 C. The 
appropriate methanol concentration is typically between 0.5 and 2 mol/l and/or a weight 
percentage of 1 .6 and 6.4. One cause is the methanol permeability of die available 
membranes. If methanol is used in higher concentrations, the residual methanol diffuses 
by way of the membrane to the cathode, The consequence is a drastically reduced 
efficiency. On the other hand, the cryoscopic constant of the water is 1 .86 K kg/mol, 
which signifies the mol/kg of additive whose freeziug point drops only 1.86 C. With 
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regard to colligative characteristics, this value is independent of tlie type of additive, The 
freezing point of the ordiDarily used watcr/methano! mixtures thereby lies at 
approximately -1 to -4 C. 

In order to ensure, for example, freeze protection to -30 C, however, an additive in a 
concentration of over 1 6 mol/kg is required. Such an additive is currently not available. 
Tt is not expected that it wi II be available in the near future, because even a relatively 
small molecule with one assumed mol mass of 50 g/mol is required at a concentration of 
800 g/kg- A mixture of this composition is not available to be supplied lo the anode in a 
stoichiometric amount with water. For the anode reaction, however, water and methanol 
in the stoichiometric relationship of 1 :1 is required. All salts, acids, and bases arc not 
apphcable as freeze protection additives, because they lead to an increased electincal 
conductivity of the cooling water and thus inevitably lead to short-circuit currents in the 
apparatus. 

The function of tlie invention is to offer a fuel cell system driven by means of a liquid 
fuel medium/coolant mixture and a technique for driving such a fuel cell system witli 
improved frost protection and cold-weather starting characteristics. 

The function is solved according to the invention by the characteristic features of the 
Patent Claim 1 and'or 6. 

By an Increase in tlie fuel medium concentration in tlie anode circuit line at decreasing 
temperatures, the freezing point of the fuel medium/coolant mixture is increased, thus 
allowing freeze protection, whereby the efficiency in the normal operation of the system 
docs not woi'sen at the same time. With these preventative measures, freeze protection to 
-35 C IS possible. Al the same lime, the cold-start condition is improved by a faster 
temperature rise of the fuel cell, because the fuel medium is diffused due to the higher 
concentration increased by the membrane to the cathode, and oxidized immediately there 
after the start of the air supply catalytically under heat. Thus, the cold-weatlier starting 
procedure is substantially accelerated. 
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Components can be saved and thus the costs and required building space can be reduced 
by the use of a combined concenti'uLion and temperature sensor. 

The frost resistance ca:i be ensured in a simple manner, in which the higher fuel-medium 
concenlralion provided in the anode circuit line is adjusted cither by continuous 
adaptation of the theoretical concentration value to the decreasing temperature, or is 
adjusted by comparison ofthe determined temperature with one temperattire threshold 
precipitously. 

The additional required fuel-medium amount can, despite sufficient firccze protection, be 
reduced, so tlic efficiency altogether can be improved by the application of several 
temperature thresholds. In this case, namely the system is not always changed over 
immediately when falling below a temperature threshold value for maximum freeze 
protection, but the freeze protection is adapted to the actual leniperature. 

By the activation of the temperature monitoring only with a switched-off fuel cell system, 
the [energy] expenditure is reduced. At tlie same tiinc, however, there are no 
disadvantages, because the system is always sufHcienlly hot during operation and 
therefore no additional freeze protection is necessary, 

Other benefits and arrangements arc evident from the subclaims and the detailed 
description. The invention is desctnbed in more detail using a drawing, wliich simplifies 
the principle consti-uction ofthe represented fuel cell system. 

Overall, 1 indicates the fuel cell consisting of an anode chamber 2 and a cathode chamber 
3, which are separated from each other by a proton-conducting membrane 4. Over an 
anode circuit line 5, which comects the anode chamber outlet 6 with an anode chamber 
inlet 7 of the fuel cell 1 , a liquid fuel medium/coolant mixture flows by the anode 
chamber 2. As the fuel medium here, suitable substances that are electrochemically 
oxidii:able at room temperature can be used. The system described in the application 

6-4792 JOB # 29 iVlACHlNE ASSISTED TRANSLATION ONLY 



PAGE 16/26 « RCVD AT 3122/2004 3:54:29 PM [Eastern Stimdard Time] ' SVR:USPTO-EFXRF-1/27 ' DNIS:2731049 « CSID: * DURATION (mm-ss):0642 
Copied from 10069061 on 12/19/2005 



mR-S2-2004 15:58 FROn:DIMOCK STRRTTDN 



TO:USPTO 



P. 17-'S6 



6 

example is driven with liquid methanol as the fuel mediuni and with water as a coolant. 
Altliough in the following only the use of a metlianol/water mixture is described, the 
protected range of this patent registration is not to be restricted to this application 
example. Such a system driven with a liquid methanol/water mixtu.re becomes is usually 
described as a direct methanol fuel cell (DMFC). 

hito cathode chamber 3 over a cathode inlet S an oxygen-containing gas is conducted, In 
accordance with application example, ambient air is used. In tlie fuel cell 1 the fuel 
medium at the anode is oxidized, which is reduced by atmospheric oxygen at the cathode. 
For this, tlie proton-conducting membrane 4 is coated on the suitable surface are with 
suitable catalysts, for example, higher surface area noble-metal or catalysts supports. 
From the anode side, protons can now move by the proton-conducting membrane 4 and 
interconnect to the cathode side with the oxygen ions to form water. With this electro- 
chenncal reaction, a voltage rcsuUs between tlie two electrodes. By parallel and/or 
tandem arrangement of many of such cells to form a so-called stack anangement, higher 
voltages and a strong current can be achieved. 

As the product, carbon dioxide gas enriched with vvater and metlianol forms at the anode 
outlet. This hquid/gas mixture is passed over the anode circuit line 5 from the anode 
chamber 2. The remaining oxygen and water vapor containing exhaust air flow from the 
cathode over a cathode exit fuel line 9, A good efficiency can be obtained in the cathode 
chamber 3 preferably prepared with high-pressure ambient air. 

On the anode side, the methanol/watcr mixture is circulated with the help of a pump 1 0 
with a given pressure through the anode circuit Une 5. The ratio of water to metlianol m 
the anode circuit line 5 is adjusted with the help of a sensor 1 1, which measures the 
methanol concentration in the anode circuit Ime 5. As a function of tliis sensor signal, 
then usually concentration control of the methanol/water mixture takes place, whereby 
liquid methanol from a methanol supply vessel 12 over a supply hnc 13 is tension force- 
driven and is not injected with the help of fuel injector 14 into tlie anode circuit line 5. 
The injection pressure is created by an injection piunp 1 5 arranged in the supply line 1 3. 
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The methanol dosage Lakes place via a suitable triggering of tlie fuel injector 14. For this, 
use is made of controller 1 1, which is regulated by measuring and/or control lines 
connected with the pump 10, sensor 11, injection pump 15, fuel injector 14, and other 
components, if necessary. In tlie anode clininber 2, a mcthanol/water mixture with a 
preferably more constant concentration is tension force-driven. In addition, it is 
conceivable to also vary the methanol concentration during the operation of the fueJ cell 
system. 

On the anode side, witli the help of a gas separator 16, carbon dioxide enriched with 
methanol and water vapor is discharged from the liquid/gas mixture in tlie anode circuit 
line 5. An excessively high methanol discharge over the carbon dioxide gas is to be 
\^ prevented, since otlierwise the overall efficiency of the system is reduced and, at the same 

time, noncombustcd methanol is not discharged into the environment. In the drawing, the 
represented gas separator is a simpler version of tlie more complex device used. 

Further, a device is used for the detennination of the intended temperature Tactual- For 
this, common temperature sensors can be used. Advantageously, the sensor 1 1 is used as 
a combined concentration and temperature sensor. Thus, additional components arc not 
necessaiy. It is, however, obvious tbat a separate teraperatuj.'e sensor can be used. 
According to an application example, the sensor 11 is arranged in the anode circuit line 5 
between the gas separator 16 and the pump 1 0, It is however also possible to arrange the 
sensor 1 1 in another part in tlie anode circuit line 5 or also to arrange it directly in the fuel 
cell 1. It is also possible to use a temperature sensor that measures ambient temperature. 
Tn this way, of course, a switching off in tJie system moreover containing heat is not of 
concern. 

According to the invention, the freeze protection of the system is possible, so that the 
concentration CmcOh of the methanol/wyter mixture is adjusted with respect to the 
temperature Tactual in the anode circuit Jine 5 and/or with respect to the dominatit ambient 
temperature. The temperature Taduiii falls as the concentration Cmcoh is increased in such 
a way, and thus the freezing point of the methanol/water mixture is lowered. Thus, the 
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freeze protection is made possible. With the cold-weathcr starting of the system, the 
hi gher methanol coiicenti-ation CmcOh allows a faster temperature rise of the fuel cell 1, 
since nietlianol is diffused by the membrane 4 to the cathode 3 and is there oxidized 
immediately after the Stan of the air supply catalytically under heat. Thus, the cold 
wealher starting procedure is substantially accelerated. Preferably, the temperature 
monitoring and the associated concentration adaptation take place only upon stopping the 
system, because in the operation of the fuel cell 1, the temperatures are sufficiently high. 
However, for otlier applications, the temperature can also be monitored during the 
operation. 

The sensor 11 continuously monitors the temperature Tactual afid, if necessary, tlie 
concentration CmbOii of the cthanol/water mixtuie, In the controller 1 7, the measured 
temperature Ta^tuai is then compared with a given temperature threshold value 
Upon stopping the temperature Tactuni falls under the temperature threshold value TmrcsiioM, 
for example, under 0 C, with tlie methanol concentration Cmcvjh in the anode cireuit line 5 
increasing, as additional methanol is tension force-driven into the anode circuit line 5. 
For this, the injection pump 15 and the fuel injector 14 are triggered accordingly by the 
controller 17. The concentration increase can take place either via unique addition of a 
given methanol amount or by exercising control via a concentration monitoring. In the 
second case, it is possible for the raethanol/water mixture to circulate in tlie anode circuit 
line 5, at least during the control procedure, with the help of the pump 10 so that the 
concentration is constantly balanced. Additionally, the concentration sensor 1 1. is 
preferably aixanged near the fuel injector 14 in the anode circuit line 5, so that dm-ing the 
control with respect to the theoretical vahie Cth™. of the methanol concentration is only 
then achieved if the concentration over tlie total anode ciiicuit 5 is extended to the sensor 
11. 

In the case of control of the methanol concentration Cmccjh in the controller 1 7, the 
concentration theoretical value Cth«i. is given as a function of the current temperature 
Tuciuui and the actual methanol concentration Cmcou is adjusted using ordinary control or 
monitoring techniques by tiiggering of the injection pump 15 and the injection valve 14 
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(sicl to reach (he theoretical concentration value Cthco.. Control can take place, for 
example, using a characteristic diagram applied in the controller 17, whereby the 
characteristic diagram shows injection amounts of methanol as a function of tlie 
measured temperature Tactuui and the actual methanol concentration Cvk^jh in the anode 
circuit line 5. 

Alternatively also several temperature thresholds Ttnitshoidj can be given, whereby then, if 
at a decreasing tempcral^ire Tactual, one falls below the next lower temperature threshold 
Tt)iiv;siioi(i - i+i) in each case a further given methanol amount is used or a higlier methanol 
concentration Cmcoh is adjusted. Tlius, the system is not al ways changed over 
immediately to niaximLim freeze protection, but tlie freeze protection is adapted to tlie 
acmal temperature. Thus, the additional required methanol amount can despite surficient 
freeze protection, be reduced and thus the overall efficiency can be improved. 

Besides, the fuel cell 1 can be protected in this way if supplemental dangerous 
components arc used in tlic system containing metlianol used at a concentration as a 
function of the momentary temperature, sufficient for the freeze protection. 

Patent Claims 

1 . Fuel cell system (1 ) with an anode chamber (2) and a cathode chamber (3), which by a 
are separated by each other by a proton-conducting membrane (4), with a cathode inlet 
(8) to supply oxygen-containing ga$ to cathode chamber (3) and with a cathode exit fuel 
hne (9), anode circuit line (5) to regulate the circuit current activity of a Uquid fuel 
medium/coolant mixture bet^vcen the anode chamber outlet (6) and the anode chamber 
inlet (7), along with a device (1 1) for regulation of the fuel-medium concentration 
(CMeOii) in anode circuit line (5), a fuel-medium supply vessel (12), a hne (1 3) for the 
supply of fuel medium from the fuel-medium supply vessel (12) in the anode circuit line 
(5), with a (13) arranged with device (1 4) for the dosage of the flowing fiiel medium as a 
function of the fuel medium concentration (Cmcoh), characterized by the fact tliat a device 
(1 1) is used for the determination of the temperature (Tactual) and tliat the device (14) is 
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contiolUble with respect to the dosage of the to-be-led fuel medium at decreasing 
temperatures (T,cw.i) in relation to the increase in the fuel-medium concentration (Cmcoh) 
in the anode circuit line (5). 

2. Fuel cell system according to Claim 1 characterized by the fact that a device (1 7) is 
used for comparing the determined temperature (T,,u,ai) with a given temperature 
threshold value (T,iuesi,oi<j) and in which the device (14) is controllable witli respect to the 
dosage of the to-be-led iuel medium when falling below the temperature threshold value 
(Tthrcshnid) in relation to the increase in the fuel-medium concentration (CMeoii) in the 
anode circuit line (5). 

3. Fuel cell system according to Claim 1 , characteriy.ed by the fact that a sensor (1 1 ) is 
used for tlie detection of the ambient temperature (Tacntai) or the temperature (Tucuiai) of 
the fuel medium/coolant mixtiure m the anode circuit line (5). 

4. Fuel cell system according to Claim 1 , cliaracterized by the fact that a combined 
concentration and tempcramre sensor (1 1) is located in tlie aiiode circuit line (5). 

5. Fuel cell system according to Claim 3 or 4, characterized by the fact that the sensor 
(11) between the anode chamber outlet (6) and the metering unit (1 4) is arranged in tlie 
anode circuit line (5). 

6. Techniques for driving a luel cell system with an anode chamber (2) and a cathode 
chamber (3) which are separated from each oiher by a proton-conducting menibrane (4), 
whereby cathode chamber (3) with an oxygen-contaiiiing gas is acted upon, whereby a 
liquid fuel medium/coolant mixture is lead witli the help of an anode circuit line (5) by 
the anode chamber (2), and whereby the fuel meditim concentration (CmcOh) daring the 
operation of the fuel cell system (1) is held at a given concentration theoretical value 
(Cthco.) according to the ambient temperature (T,cu«ai) and/or the temperature (Taauai) of the 
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fuel medi am/coolant mixture in the ajiode circuit line (5) and al decreasing temperatures 
for the monitoring of tlie performance of sufficient freeze protection with respect to the 
fuel-medium concentration (Cmcoh) increase in the anode circuit line (5). 

7. Technique according to Claim 6, characterised by the fact tliat tlie theoretical 
concentration value (Ciheo.) is dependent on the determined temperature Tactual- 

8. Technique according to Claim 6, characten>,ed by the determined temperatiu-c (Tactual) 
constantly being compared with a given temperature tlneshold value (Tui,«shoid), and 
which then, if the determined temperature (Tactual) falls below the temperature tlu-eshold 
value (Taciuai). the fuel-medium concentration (Cmcoh) in the anode circuit line (5) is 

\^ increased. 

9. Technique according to Claim 8, characterized by the fact tliat several, temperature 
thresholds (Tinresnoid.i) ai-e given, whereby then, if at a decreasing temperature (Tacnjn) the 
next lower temperature tlireshold (Ttj,rcsiioici_j-n) is fallen below, the fuel-medium 
concentration (Cmcoh) in the anode circuit line (5) is increased in each case. 

1 0. Technique according to Claim 8 or 9, characterized by tlie fact tiiat when falling 
below one given temperature threshold value (Tihr«hoij), a given fuel-medium amount into 
the anode circuit line (5) is admitted or the given theoretical concentration value is 
increased. 

11. Tecluiique according to Claim 6, characterized by the fact that the temperature 
monitoring is activated only with a svvitched-off fuel cell system (1). 
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